An aspect of executive functioning observed to decline with normative and nonnormative aging is the control of attention when performing concurrent tasks. Previous research directed at localizing the underlying processes that might lead to such decline (e.g., reduced attentional capacity, attentional flexibility), has mostly used artificial laboratory tasks tapping into novel and unpracticed skills. Our approach emphasizes the ecological relevance of concurrent tasks for individuals of different age groups. In this context we highlight the interacting effects of specific losses in cognitive ability on the one hand, and compensatory resource allocation on the other. This perspective is informed by the Selection, Optimization, and Compensation (SOC) model of adaptive development advanced by Baltes and Baltes (1990), in which adaptation to losses can involve compensatory behaviors or a revision of goal or task priorities. After reviewing the basic literature on aging and cognitive dual-task performance, we discuss the case of dual-task cognitive and sensorimotor performance. There, studies show that healthy older adults selectively prioritize sensorimotor performance (walking, balance) over cognitive performance (memory encoding, response selection). This pattern appears to generalize to special populations of less cognitively intact older adults. Compensatory behavior focusing on the prioritized task provides further evidence of qualitatively different approaches to dual-task performance in older adults. The data reviewed prompt a reconsideration of our definitions of successful dual-task performance, and more generally, of intellectual status (intelligence) in old age.
groups showed equivalent proportional DTCs. Together, the Rogers et al. (1994) and McDowd (1986) studies suggest that the age differences in dual-task performance observed in single-session studies are not an overestimate of age differences, though absolute levels of performance will improve with training. Kramer, Larish, and Strayer (1995) produced further results in a training study involving more complex component tasks: visual monitoring of multiple gauges and alphabet arithmetic. Notably, Kramer et al. devised a lengthy training regimen of fixed and variable priority training to examine optimal training protocols and transfer of training in young and older adults. Continuous visual feedback was shown so participants could adjust their attentional allocation during each trial. In the variable priority conditions, participants were instructed on each trial to emphasize Task A and B at varying ratios. This training format proved more effective overall compared to the fixed priority training. Further, older adults benefited equally if not more from the variable priority training format in comparison to young adults.
A different method of examining disuse is to study expertise in dual-task abilities. Tsang and Shaner (1998) tested young, middle-aged, and older adults who were either expert or novice pilots. Their critical dependent measures were time sharing ability (as measured by DTCs) and resource allocation adjustment to varying emphasis instructions. Pairs of concurrent tasks varied in terms of structural similarity (spatial tracking, mental rotation, and short-term recognition of consonants). Clear effects of age and expertise were found in terms of time sharing ability, resource allocation, and adherence to task priority instructions, in favor of young adults and expert pilots. As well, expertise seemed to attenuate some age deficits in dual-task performance, though did not reduce age differences dramatically, thus concurring with the aforementioned training studies.
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Attentional bottleneck models. While the vast majority of aging and dual-task findings account for age deficits using resource reduction models (e.g., processing resources, speed, coordination ability), others implicate age-deficits in task swapping or task alternation to account for the findings. Anderson et al. (1998) tentatively consider an alternative explanation for their findings using Pashler's (1994) bottleneck model of dualtask performance, in which retrieval processes might "shut-out" secondary task processes until primary task processes, such as item retrieval, are near completion.
Whereas Anderson's experiments were not designed to directly investigate Pashler's model, others have employed the psychological refractory period (PRP) procedure to do so. The PRP procedure involves the performance of two tasks on each trial, with the priority directed to Task A and a varying delay (SOA: stimulus onset asynchrony) before Task B can be initiated. Allen, Smith, Vires-Collins, and Sperry (1998) employed this procedure in comparing young and older adults' time sharing ability while performing dot location and tone discrimination (letter matching in Expt. 2) tasks. Older adults showed significantly greater PRP effects in both studies, suggesting age deficits in time sharing ability. Hartley and Little (1999) extended these findings in seven experiments, adding the qualification that age differences in PRP effects are more pronounced when response modalities compete across the two tasks (see also Hartley, 2001) . As with Allen et al. (1998) , Hartley and Little reported that older adults adopted a more conservative response strategy, withholding Task A responses until Task B processes were complete. Similarly, Glass, Schumacher, Lauber, et al. (2000) compared young and older adults in two PRP experiments to explore a computational model of multipletask performance (Meyer & Kieras, 1997) in relation to cognitive aging. In two experiments, Glass et al. (2000) found significant but not sizeable age differences in Aging and dual-task performance 11 dual-task performance. Their interpretation underscores the flexible variation of task prioritization strategies that are preserved in old age, but that might lead to apparent age-related deficits in dual-task performance.
Summary. To summarize the extant body of aging and dual-task research, several observations are notable: First, with only a few exceptions, dual-task costs appear to be greater in older adults than in young adults, as measured by both absolute and proportional DTCs. Second, explanatory models such as declining processing speed, attentional resources, or processing resources, do not account fully for all of the findings.
Third, methodological considerations such as practice, task similarity, temporal constraints on Task A and B onset, and response competition, modulate the size of observed age effects. Fourth, while the precision of task priority and attentional allocation appears to be maintained in older adults, given adequate practice and feedback, studies in which task priority is leniently enforced, and in which task initiation is more explicitly defined (e.g., the PRP procedure), have shown age-related differences in dual-task emphasis (but see Anderson et al., 1998; Crossley & Hiscock, 1992; Salthouse et al., 1984) .
Our point of departure from the foregoing literature review is this fourth general observation: that older, compared to younger, adults, may be more flexible in terms of dual-task priority than originally thought (e.g., Glass et al., 2000) . Salthouse, Fristoe, Lineweaver, and Coon (1995) tackled the issue of attentional tradeoffs between tasks, recommending that composite measures of DTCs (e.g., summing DTCs across each task domain) may be more appropriate than considering DTCs separately for each task.
Using this method in two experiments, they reported age-invariance in composite DTCs, suggesting that processing speed, rather than simple attentional decrements, could Aging and dual-task performance 12 account for the observed performance. We agree that a closer look at differences in attentional allocation is warranted, but disagree that such tradeoffs are in all cases undesirable (cf. Hartley & Little, 1999) .
Dual-Task Performance and Ecological Constraints: Conceptual Framework and

Methods
The vast majority of studies reviewed thus far employed rather artificial laboratory tasks to assess age-differences in divided attention or multi-tasking. Additionally, researchers were for the most part interested in participants' resource demands (or the degree of automatization) for a primary task (mostly complex cognition). Secondary task performances (like tapping or tracking) had to be maintained only at a certain level and the focus of data analyses in most papers was on the performance decrements in the primary task. Different from this perspective, the ecological approach we pursue in this chapter emphasizes resource allocation processes and related interindividual differences as they result from normative age-graded change or abnormal cognitive status. As we detail below, four methodological concerns distinguish the ecological approach from previous research: (1) the use of laboratory tasks that mimic everyday processing demands in multi-tasking; (2) the comparison of coordination costs and their interrelations for all tasks involved; (3) a systematic variation of task difficulties that challenge individuals' potentials at an age-appropriate or individual level (adaptive testing, testing-the-limits approach); and (4) the use of manipulations that challenge participants' control over their resource allocation operations.
The ecological approach to multi-tasking is conceptually inspired by the model of selection, optimization, and compensation (SOC), which was originally proposed by Paul and Margret Baltes (1990) . Since then it has been developed into a framework of Aging and dual-task performance 13 lifespan development that attempts to define universal processes of developmental regulation, i.e., the adaptive mastery of life (Freund & Baltes, 2000) . The fundamental approach to developmental regulation is that individuals must continuously adapt to opportunities and constraints, both of which take different forms or change throughout the life-course. Selection involves goals or outcomes like prioritizing commitment to the family over pursuing a professional career, or prioritizing the maintenance of postural stability at the cost of excelling in cognitive performance in dual-task situations.
Optimization relates to goal-relevant means such as practice (e.g., working on technical skills as a pianist). Finally, compensation denotes the use of alternative means to maintain performance in the face of losses of means; example for compensation are the use of a wheelchair or walking aids to maintain mobility after a stroke or older chess experts' reliance on their superior move-selection strategies, presumably compensating for their slower search rates (see for this hypothesis, (Charness, 1991) .
A good example of SOC processes at work can be found in the area of cognitive and motor decline in old age. Age-graded changes in cognitive resources, as defined in terms of perceptual-motor speed, are a well-documented phenomenon in the literature (Li et al., 2003; Salthouse, 1996) . The assumption that motor functions become increasingly "cognitive" in later adulthood is motivated by the idea that in old and very old age the general integrity of the nervous system must be considered as a larger base of support for all kinds of adaptive behavior. Related correlational evidence (Lindenberger & Baltes, 1994; Lindenberger & Baltes, 1997 ) indeed points to a strong connection between bodily functioning and intellectual abilities during the third and the fourth ages.
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The SOC-framework can be then applied to everyday situations including those in which young and older adults must perform a sensorimotor task like walking or maintaining a stable posture while simultaneously performing a cognitive task (Freund, Li, & Baltes, 1999; Krampe & Baltes, 2002) . The emphasis on adaptive resource allocation warrants the specific consideration of three aspects which are by themselves subject to empirical test: (1) the age-related reduction in overall cognitive resources available; (2) the relative increase in cognitive resource demands for sensorimotor functions in older adults due to age-related biological decrements in motor functioning;
(3) the higher ecological relevance of walking or maintaining a stable posture for older compared to younger adults.
In the context of cognitive and sensorimotor aging, our ecological relevance argument refers to objective risks and subjective fear of falling and the higher costs in terms of resulting physical impairment for older adults. More generally, we consider evaluations of dual-task performance to be more ecologically relevant when task emphasis instructions are less constrained. That is, while it is informative to know that in highly controlled situations, young and older adults are able to flexibly allocate their attention between two tasks, in everyday dual-task situations, task priority is more likely to be determined by the individual.
The SOC-Model's adaptive resource allocation perspective permits specific predictions with regard to performance in dual-task situations. First, the relative increase in cognitive resource demands for sensorimotor functions in older adults should induce higher costs if walking or balance are combined with cognitive task demands. If older adults must already invest cognitive resources into their balance or gait under normal conditions, we would expect negative age-effects in DTCs to be pronounced under concept is itself a matter of debate, however. In the context of the task-set switching paradigm Rogers and Monsell (1995) emphasized the unique role of task sets or abstract plans, the representations of which must be maintained, updated, and executed during performance. Using latent-variable analyses on a large-scale sample of participants (Miyake, Friedman, Rettinger, Shah, & Hegarty, 2001) found that, in the visuospatial domain, processing-and-storage WM tasks and storage-oriented STM tasks equally implicate executive functioning and are not clearly distinguishable. These findings are in contrast to results from the verbal domain. In addition, the authors showed that spatial ability factors differ with respect to their degree of executive involvement. The bottom-line is that the involvement of executive functions might depend to some degree on the combination of tasks under consideration in a dual-task experiment.
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To evaluate the scope of these different proposals we need comparisons of dualtask performances in individuals differing in cognitive capacities like processing speed or levels of executive functioning. A central question related to the specifics of underlying control mechanisms is to what degree resource allocation in dual-task contexts is under individuals' deliberate control in the first place. The SOC-Model emphasizes the importance of long-term adaptations like response tendencies that were acquired and overlearned in everyday settings. This proposal may well turn out to be commensurable with executive control accounts, however, it implicates experimental approaches guided by the ecological validity of dual-task settings and systematic variations of challenges and their salience for different individuals. We now turn to our review of studies that have addressed these issues. Somberg and Salthouse (1982) advocated that more experimental paradigms are needed to fully understand the potentials and limits of an aging system in the situations of divided attention. In contrast to standard laboratory cognitive tasks, "real world" dualtask situations often comprise sensorimotor components such as keeping upright posture or walking. During normative aging, the efficiency of sensorimotor abilities becomes impaired alongside the emerging cognitive deficits. The question arises whether age-related differences in performance of dual tasks exist when cognitive tasks are paired with tasks that are highly relevant to everyday functioning. Everyday observations suggest that, in comparison with young individuals, older adults prioritize sensorimotor activities, particularly in divided attention situations. For example, while standing in a bus, they focus primarily on keeping balance at the expense of carrying on a conversation. Why do older adults set their priorities this way?
Balance and Cognitive Function In Normal and Pathological Aging
Research on falling indicates that 30% to 50% of adults 65 years of age and older and 40% of adults over the age of 80 experience one or more falls annually (e.g., Sattin, 1992) . The majority of falls in elderly adults occur during their usual daily life activities, such as walking or changing position (Tinetti, Speechley, & Ginter, 1988) . Moreover, falls may have dramatic consequences in old age (Tinetti, 1995) , such as injury, fear, decreased mobility, and morbidity (Simoneau & Leibowitz, 1996) . Further evidence for a linkage between cognitive functioning and risk of falling comes from research on pathological aging. Nakamura et al. (1997) found that reduced frontal blood flow correlated with gait and postural disturbances in patients with diagnosed Alzheimer's dementia. The rate of falls increases with progressive dementia (Wolfson, 1991) , and a threefold increase in incidence of falls has been found for individuals diagnosed with
Alzheimer's dementia relative to the general population (Buchner & Larson, 1987) .
Postural control is cognitively demanding. Empirical evidence shows that posture control, which is often viewed as a highly practiced automatized skill, becomes increasingly difficult in old age and that this deficit is especially apparent in dual-task situations in which individuals are given an attentional load (see Woollacott & ShumwayCook, 2002, for review) . To demonstrate that cognitive involvement in posture control increases in old age, several investigations have adopted a classical dual-task paradigm from cognitive psychology and computed DTCs similarly. In these studies, postural control is typically measured during either static or dynamic balance tests. Static balance is the ability to remain upright over a fixed base of support (e.g., quiet standing).
Dynamic balance is the ability to continuously adjust the center of gravity over a moving base of support (e.g., keeping equilibrium during perturbations or walking). For both Aging and dual-task performance 18 types of balance task, force platforms are used to assess the center of pressure (COP) displacement (see Figure 2 ).
-----Insert Figure 2 about here -----
The most frequently used measures are COP path, velocity, area, and stabilization time.
It has been proposed that the body is less stable, the longer the path or the stabilization time, the higher the velocity, or the larger the COP area (Means, Rodell, O'Sullivan, & Winger, 1998; Thapa, Gideon, Brockman, Fought, & Ray, 1996) . Figure 3 illustrates age-group differences in the COP area under single-task conditions.
-----Insert Figure 3 about here ----- Stelmach, Zelaznik, and Lowe (1990) investigated the effects of a cognitive (i.e., mental counting of the number of correct addition problems) and a motor (i.e., bimanual squeezing) task on the recovery of young and older adults from minor postural disturbances caused by arm swinging. When attention was occupied by a more demanding cognitive task, elderly adults required a greater amount of time to regain postural stability. Maylor and Wing (1996) investigated the differential influence of five cognitive tasks on stability as measured by variability in weight distribution during standing in two age groups. They found significant decrements in postural stability when older adults were performing secondary memory tasks (Brooks' spatial memory and backward digit recall) in comparison with other cognitive tasks (random digit generation, silently counting, and counting aloud backward in threes and visual perceptual matching) on stability (COP displacement) during quiet stance on firm versus compliant surfaces in young and older adults with and without a history of falls. When task complexity was increased (either through the introduction of a cognitive task, or a more challenging postural condition such as standing on the compliant surface), significant age group differences in stability emerged, and were particularly pronounced in those older adults with a history of falls.
Together, the reviewed studies demonstrate an age-related increase of cognitive involvement in posture control. However, these findings contradict the theoretical considerations of the SOC model that, in old age, allocation of resources is directed toward a task of higher survival value, that is, toward sensorimotor functioning at the expense of cognitive performance. Note that the sensorimotor tasks used in these studies were low in difficulty. Some have argued that the inability to allocate sufficient attention to postural control under multitask conditions might be a contributing factor to imbalance in older adults (e.g., Teasdale et al., 1992) . Prioritization of postural control. Lajoie, Teasdale, Bard, and Fleury (1996) measured stance under two difficulty conditions (i.e., on a broad and narrow support Aging and dual-task performance 20 surface) and performance on a concurrent verbal RT task. They found that increasing the difficulty of the balance task significantly increased RTs in older, but not in younger, adults. Teasdale and colleagues obtained similar findings (Teasdale et al., 1992; Teasdale, Bard, LaRue, & Fleury, 1993) . In addition, the authors found that in old age In sum, the findings by Teasdale and colleagues (Lajoie et al., 1996; Teasdale et al., 1992; Teasdale et al., 1993) and Brown and collaborators (Brown et al., 2002) indicate that, in dual-task situations, older participants give preference to balance control as opposed to cognitive functioning, especially under more challenging postural conditions. Given the cognitive aging and dual-task research, a possibility remains that this pronounced prioritization toward stability appeared because of several reasons: (i) lack of control of age-group differences inherent under baseline conditions; (ii) insufficient task familiarity, which is particularly critical for performances of older adults; Aging and dual-task performance 21
(iii) insufficient ecological relevance of cognitive components of dual tasks; and (iv) failure to measure divided attention independent of resource allocation strategies (cf. Glass et al., 2000; Rabbitt, Lowe, & Shilling, 2001; Somberg & Salthouse, 1982) .
Several recent studies have taken these methodological considerations into account.
Lindenberger, Marsiske, and Baltes (2000) investigated the simultaneous execution of a challenging locomotion task and an episodic memory task in young, middle-aged, and older adults. Skilled walking on a narrow track was paired with memory encoding using mental imagery. After participants were equated on single-task performances through training to criterion in the mnemonic technique and extensive walking practice, they were instructed to perform the two tasks concurrently with equal emphasis. In both domains, age group differences were observed in DTCs. Li and collaborators (Li, Lindenberger, Freund, & Baltes, 2001) extended this paradigm by giving more extensive training and by estimating task difficulty levels on an individual basis. The authors systematically manipulated task difficulty in the dual-task condition by using faster presentation rates for words and placing obstacles on the track. Moreover, young and older participants were provided with compensatory walking and memory aids (access to a handrail and a pause button for word presentation, respectively). In dual-task blocks, participants were instructed to perform both tasks with equal emphasis.
In comparison to young individuals, the dual-task performance of older adults was generally on a lower level. However, the age-related difference in dual-task costs was especially pronounced in the memory domain. Figure 4 reveals that, within each difficulty condition, the distance between data points of young and older adults is larger in the vertical (memory DTCs) than in the horizontal (walking DTCs) dimension.
Moreover, in the condition in which both tasks were made more difficult, and both Aging and dual-task performance 22 compensatory aids were available, older adults benefited from handrail use, whereas young participants successfully compensated by using the memory aid. According to Li et al. (2001) and consistent with the SOC-model and the "posture first" hypothesis, the findings indicate that older adults selected the domain that was more important to them, that is, walking.
-----Insert Figure 4 about here -----Note that in the studies by Lindenberger et al. (2000) and Li et al. (2001) participants were explicitly instructed to optimize both tasks equally. Given the findings on reduced resources and flexibility with which older adults can shift their attentional emphasis across two cognitive tasks, a possibility remains that the observed pattern could be due to age-related differences in the ability to adjust performances according to choices) varied on RT task. To address the issue of age differences in attentional flexibility, participants were asked to focus either primarily on balance, cognition, or to perform both tasks equally well. To ensure stable performance levels, both tasks were practiced extensively prior to the experimental assessment, both singly and concurrently.
Dual-task costs were greater in the cognitive than in the balance domain, and were greater in older than in younger adults. Whereas young adults had zero or negative DTCs in the balance domain, older participants had significant costs in both domains.
However, the DTCs of older adults were greater in the cognitive than in the balance domain. The poorer cognitive performance of older adults was observed in terms of accuracy, response latency, and frequency of omissions. The DTCs of both age groups were sensitive to task-priority instructions. However, this sensitivity was more pronounced in the easy than in the difficult condition. Within the easy condition, DTCs were the highest under the instruction "Focus on Balance" and the lowest under the instruction "Focus on RT". Under the instruction "Equal Emphasis", DTCs were on the intermediate level in comparison to the two other instructional conditions. In the difficult condition, the instructions "Focus on RT" and "Equal Emphasis" influenced DTCs similarly. Additionally, DTCs were more sensitive to instructions in the cognitive than in the balance domain. Whereas cognitive performance of both age groups varied smoothly according to task-priority instructions, the balance performance of older adults remained stable under all instructional conditions. Young adults showed a strong tendency to follow the instruction "Focus on RT" and to sway more under this instruction in the difficult condition.
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In line with previous research, the findings of this study strongly suggest that there is an age-related deficit in concurrent performance of a sensorimotor and a cognitive task beyond that of a general decline, and that there is a domain-specific asymmetry in resource allocation. That is, individuals invest more resources into the sensorimotor than into the cognitive domain (cf. Li et al., 2001; Lindenberger et al., 2000) . Moreover, the results rule out the possibility that older adults prioritize a sensorimotor component of a dual-task situation because of their reduced ability to follow experimental instructions. Similar to findings from cognitive research (cf. Salthouse et al., 1984; Somberg & Salthouse, 1982) , both age groups demonstrated smooth resource allocation adjustment to varying emphasis instructions. However, this flexibility was reduced in the sensorimotor domain and when resource limitations were more pronounced. Higher DTCs in the cognitive than in the balance domain, frequent omission of responses in dual-task contexts, and reduced ability to adjust balance behavior to experimental demands particularly in the difficult condition were taken to mean that age-related resource limitations and the ecological relevance of sensorimotor tasks force older adults to prioritize postural control at the expense of cognitive performance. By contrast, young adults were able to sacrifice the low-priority sensorimotor performance in order to optimize the high-priority cognitive task when instructed to do so.
This study validates the previous findings that, in older adults, dual-task performances in general and motor control in particular are resource demanding (e.g., Maylor et al., 2001; McDowd, 1986; Salthouse et al., 1984; Shumway-Cook et al., 1997) .
By manipulating the task emphasis instructions, Bondar et al. (2003) elaborated on previous research on age-group specific patterns of prioritization behavior in dual-task Aging and dual-task performance 25
situations (e.g., Brown et al., 2002; Li et al., 2001 ) and demonstrated that older adults prioritize balance even after individuals' relative emphases were controlled for. The mismatch between the performance of older adults and the experimental requirements is interpreted as a consistent prioritization of the sensorimotor component of dual tasks.
From a developmental perspective, it is an example of adaptive behavior. Taking into account the theoretical considerations of the SOC-model and the empirical evidence, we conclude that internal constraints force older individuals towards "intelligent" resource management, that is, prioritization of sensorimotor activities in multi-task situations.
Extending this work into the field of non-normative aging, Rapp, Krampe, and
Baltes (2003) investigated dual-task performance in young and older adults and an agematched (to older adults) sample of individuals with early Alzheimer's dementia (ADpatients) with dysexecutive syndrome diagnoses. To disambiguate the effects of age, dementia, and perceptual-motor speed, a fourth age-matched group of older adults with low scores on the Digit Symbol Substitution test (DSS: Wechsler, 1981 ) was included.
The authors assessed participants' sway using the area of center of pressure movement (COP area) under single-task conditions and also while they were simultaneously performing a working memory task (N-Back: Dobbs & Rule, 1989) . To challenge their sensorimotor functioning, participants had to perform while standing on the stable platform as well as under conditions of continuous platform movement. Single-task performance in cognitive and sensorimotor tasks was assessed before and after dualtask trials. COP areas under single-task conditions were similar for the four groups when the platform was stable.
Platform movement induced stronger sway in older compared to younger adults and this effect was pronounced in AD-patients. Rapp et al. (2003) hypothesized that Aging and dual-task performance 26 older adults and AD-patients should already invest cognitive resources into their balance under single-task conditions. This assumption was indeed borne out in the group differences in DTCs: While younger adults showed virtually no costs in either balance or cognition under stable platform conditions, DTCs in both domains were significant in older adults and this was even more true for AD-patients. A different picture emerged for the moving platform condition. DTCs for balance in young adults increased relative to the stable platform condition, however, older adults and even more so AD-patients showed increased costs in cognition, but surprisingly low costs in balance. Put differently, all three aged groups maintained dual-task balance at levels similar to singletask performance (i.e., they prioritized) at the cost of cognitive performance. Note that low DSS older adults for the most part showed similar levels of performance to normal older adults.
The pronounced DTC's in both cognition and balance that (Rapp et al., 2003) observed in older adults and Alzheimer's patients on the stable platform suggest that executive functioning is involved in multi-tasking as long as the challenge to postural stability is low. Under potentially threatening conditions, however, the prioritization skill typical of older adults remains effective even in AD-patients. This prioritization of sensorimotor over cognitive performance in older adults was already observed in the and this latter investigation was that participants did not have to master obstacles and were hardly at a risk of stumbling.
Presumably, prioritization of postural stability and walking under challenging conditions reflects an adaptive capacity resulting from long-term learning in everyday settings that can override executive control functions operating in situations with little sensorimotor demands. Different from a more general perspective, the ecological approach to aging and dual-task performance holds potential to clarify the explanatory scope of executive control accounts as well as their limitations.
Implications Regarding the Conceptualization of Intellectual Development
The reviewed evidence supports a certain role of executive functions in the coordination of multiple task demands. At the same time these functions can probably be "overruled" by learned, adaptive mechanisms that have a high protective value for individuals at risk of falling. Krampe and Baltes (2003) have argued that mental capacity as measured by extant psychometric tests has only limited value as a measure of individuals' cognitive resources. The capability to coordinate simultaneous processing demands (executive control) and the potential for SOC-like protective mechanisms clearly deserve more consideration when predicting multi-task behavior.
Likewise, older adults' increased demands for cognitive resources to support their sensorimotor functioning are not captured by psychometric IQ-tests, which are typically administered in settings with small sensorimotor demands. Our knowledge about the cognitive-resource demands for bodily functions in older adults is quite limited, however.
As an example, it is feasible that digestion exerts costs on older adults performances even in standard testing situations. Another example would be an incontinent older adult's intrusive worries about where to find the next restroom. There is also evidence accumulating that the interplay between cognitive and sensorimotor functions in children differs from that in young adults. In a recent study, Krampe, Schaefer, and Baltes (2003) found that decrements in walking speed through simultaneous performances of a verbal fluency task decreased systematically from ages 9 and 11 to young adulthood. In fact, related dual-task costs were similar in 9-year olds and older adults in their 60s. Studies with children diagnosed with developmental dyslexia (e.g., Nicolson & Fawcett, 1993; Smiley-Oyen, Subbot, & Gallagher, 2001) or attentional deficit syndrome (e.g., Kroes, et al., 2002; Sheppard et al., 2000) also point to a tighter coupling of sensorimotor functions and cognition in these groups. Based on this and related evidence Krampe and Baltes (2003) argued that ecologically relevant assessments of intellectual potential must comprise measures of sensorimotor functioning in addition to psychometric IQtests.
Implications for Models of Normative and Non-normative Cognition
From a life-span developmental perspective on cognitive change, a broader implication for models of attentional control and working memory such as those advanced by Engle (2002; Unsworth, Heitz, & Engle, this volume) and Miyake (2000;  this volume) concerns the phenomenon of plasticity. A major theme of our work is that over time, behavioral plasticity, or adaptation to weakness in the cognitive system, is likely to occur (e.g., Li & Lindenberger, 2002) . Such behavioral plasticity, in the form of compensatory attentional re-allocation, or task prioritization, may be identifiable if one analyzes complex cognitive performance in terms of sub-tasks or components.
In the domain of working memory performance, language researchers (Waters & Caplan, 1996) have distinguished between independent processing and storage components within standard working memory span tasks (Daneman & Carpenter, 1980) .
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Echoing this distinction, it has been demonstrated in cognitive aging research that older adults prioritize the processing (e.g., sentence verification) demands over the storage (end-word recall) demands to compensate for cognitive slowing, or for reductions in working memory capacity (Brébion, Smith, & Ehrlich, 1997) . Given that working memory performance by definition requires simultaneous storage and processing (e.g., Baddeley, 1986; Engle, 2002) , by extension it can be considered a situation requiring multiple-task coordination. A similar observation has been noted in studies of linear transitive reasoning (Sedek & von Hecker, 2003; von Hecker et al., this volume) , in which older adults performed well relative to young adults on the mental operations, but performed more poorly with increased storage demands. The SOC framework predicts that older adults would re-allocate their attentional resources to favor the task component they can more easily accomplish, or that has more face validity.
Examinations of earlier stages of processing also suggest age-related compensatory adaptations: In several studies, older adults rely more on semantic context (sentence stems) to identify sentence-final words when compared to young adults. This is particularly true when the signal to noise ratio is unfavorable, presumably taxing attentional resources (e.g., Pichora-Fuller, Schneider, & Daneman, 1995) . Similar findings have emerged from studies of accelerated speech (Wingfield, Koh, Tun, & Rosen, 1999) and cluttered visual working memory (Speranza, Daneman, & Schneider, 2000) , suggesting again that under difficult selection conditions, older adults may be flexibly utilizing more top-down processes than younger adults, even when hearing conditions (dB levels) or viewing conditions are individually tailored and made comparable across participants. if a clinical condition leads to a decline of cognitive functioning from normative levels. It may well be that across an extended duration, the directionality of influence changes such that psychopathology precedes cognitive limitations, but then as the individual adjusts, adaptive changes have affects on clinical symptomatology. Going beyond our mere speculations, we urge clinical researchers to consider the possibility that reductions of cognitive processing may be accompanied by adaptive compensatory strategies or changes in cognitive style.
Conclusions and Outlook
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In summary, we have briefly surveyed the extant work on normative aging and dualtask processes, and have argued for a more ecological approach that takes into consideration individual priorities and strategies that are used to compensate for weaknesses in other processes. Our own work on cognitive-sensorimotor dual-task performance underscores the importance of identifying the strategic differences in attentional allocation that might arise from variations in task priority, or selective agerelated decline in cognitive processes. In relation to research on individual differences and clinically mediated deficits in cognitive capacity, it remains to be seen whether a threshold of capacity reduction, or a state of chronic cognitive reduction, is necessary for compensatory changes to take effect. It also remains for future studies to determine whether such behavioral plasticity has a subsequent effect on neural reorganization or neural recruitment (Cabeza, 2002; Grady & Craik, 2001; Li & Lindenberger, 2002 ).
Future cognitive aging research is also need to explore whether task priorities change as a function of individual needs (e.g., frail versus physically fit older adults), or task demands (e.g., when the cognitive task is more imperative, such as remembering medications). 
